Young stellar objects (YSOs) usually appear in molecular clouds as infrared objects associated with a molecular envelope. Wouterloot and Brand (1989, AAA 50.133.012) searched 1302 IRAS point sources with reliable fluxes at 25, 60, and 100 µm near to the galactic plane for 12 CO(J = 1 − 0) emission; 1077 sources were detected. Among their far-infrared sources without detectable CO emission, we found that at least 18 objects are invisible at optical and near-infrared wavelengths. The infrared spectral indices between 2.2 µm and 25 µm correspond to those of class I YSOs, and the IRAS colors are similar to those of the usual YSOs. These peculiar far-infrared objects are highly concentrated around the galactic plane and the distances are estimated to be ∼1 kpc. Although their distribution is away from molecular clouds, some of them seem to be associated with large dark clouds or weak radio sources. These objects are possible YSOs with low CO abundance in the envelopes.
Introduction
Most of stars burstly form in molecular clouds. Lowmass stars are also born in globules that are dispersely distributed in spiral arms (e.g., Yun, Clemens 1994) . Based on the spatial distribution, age distribution, and kinematics of T Tauri stars, Feigelson (1996) claims that dispersed T Tauri stars with various ages consist of components drifting outward from currently active sites of star formation in molecular clouds, and components formed in now-dissipated cloudlets in past molecular cloud complexes (see Neuhäuser 1997) .
Young stellar objects (YSOs) grow in molecular cores up to the maximum luminosity phase while showing spectral energy distributions (SEDs) with a peak at the farinfrared (FIR) wavelength. The gas-to-dust mass ratio in molecular cores is considered to be similar to the interstellar value, because the core masses derived from the intensities of dust emission (e.g., Walker et al. 1990) are consistent with those derived from CO lines or other molecular lines (e.g., Casoli et al. 1986; Benson, Myers 1989; Wouterloot et al. 1989) . In low-mass pre-main sequence stars, such as T Tauri stars, however, the envelope masses derived from the intensities of dust emission are larger than those derived from the CO line intensities (e.g., Dutrey et al. 1996) ; it has occurred at some stage from YSOs to pre-main sequence stage that CO molecules have been removed from the envelopes or locked up on grains or more complex molecules in the envelopes (e.g., Aikawa et al. 1997) .
In this paper, we show the presence of 18 bright FIR objects peculiar in the sense that they are not detectable in the 12 CO line, show the class I YSOs ′ SEDs and are located away from molecular clouds. Section 2 describes the sample. In section 3 we consider infrared SED indices of the sample using data of IRAS and our nearinfrared photometry, and show that the indices correspond to those of class I YSOs. In section 4 we discuss the IRAS colors, sky distribution, and luminosities of the sample. In section 5 we give a summary. Wouterloot and Brand (1989) Wouterloot et al. (1990) considered that WB objects without detectable CO emission are extragalactic objects because of the homogeneous sky distribution in the surveyed region, in contrast with the distribution of WB objects with CO emission concentrated around the galactic plane. We examined the literature and optical images on Schmidt plates for all 223 WB objects without CO emission, and found that 132 are associated with optical objects, which are early-type stars, planetary nebulae, and galaxies. But the remaining 91 WB objects do not have any distinct optical counterparts at the positions of the IRAS point sources. The results are summarized in table 1. Iwata et al. (1997) carried out near-infrared imaging observations of 55 objects among the 91 optically invisible WB objects without 12 CO emission at the Okayama Astrophysical Observatory (OAO). As a result, 16 objects were found to be galaxies and possible galaxies, 4 objects are H ii regions and a possible H ii region, and 14 objects are stars, while 21 objects don't show any counterparts, even in the J, H, and K ′ bands. The 21 WB objects invisible at optical and near-infrared wavelengths and not detectable in 12 CO(J = 1 − 0) line were the sample of this study. We call those "peculiar FIR" objects. Iwata et al. (1997) claimed that these objects are mostly galactic objects because of the sky distribution along the galactic plane and the FIR colors colder than those of IRAS galaxies. Figure 1 shows a relation of the 60 µm flux density in IRAS PSC versus the 12 CO(J = 1 − 0) line intensity for 21 peculiar FIR objects and 97 WB objects with 12 CO emission existing at ℓ = 85
Sample
• to 105
• . The CO intensities are the values of Wouterloot and Brand (1989) ; the single-line objects are preferentially adopted. For objects associated with multi-component CO lines we adopted a line if it is several times or more stronger than other components or it has some active features. For the peculiar FIR objects the upper limits are shown. We used the 97 WB objects shown by dots in figure 1 as a control sample, which are representatives of YSOs at around the maximum luminosity phase in molecular cores (Wouterloot et al. 1990) . A correlation similar to that of the control sample is shown in Casoli et al. (1986) . Figure  1 indicates that the peculiar FIR objects have relatively less strong 60 µm flux densities and extremely weak CO intensities among WB objects.
To ascertain the reality of the peculiar FIR objects, we requested the Infrared Processing Analysis Center (IPAC) for co-addition of the IRAS data. As results of the ADDSCAN-SCANPI programs, in which 6 to 21 scan data were coadded for each band of each object, more reliable flux densities were obtained for the four bands of all objects, except for a 12 µm flux density of IRAS 22044+5451 and an 100 µm flux density of IRAS 04375+5016. Table 2 lists 21 peculiar FIR objects with respect to the number of Wouterloot and Brand (1989) , IRAS name, galactic coordinate transformed from the equatorial coordinate of IRAS point source, flux densities at 12, 25, 60, and 100 µm quoted from IRAS PSC at the first line of each object and those of co-added data at the second line, three infrared colors calculated using the co-added data, infrared luminosity at 1 kpc (an assumed distance, described in subsection 4.2), and mode of our near-infrared observation. We computed the luminosity L IR using an equation (Emerson 1988) ,
where f λ is the co-added flux density in Jy and d is a distance in kpc.
Observations and Results
The near-infrared imaging observations were carried out at OAO on 1995 August and 1996 February using Okayama Astrophysical System for Infrared imaging and Spectroscopy (OASIS) with a detector NICMOS-3 equipped on the 1.88 m reflector (Yamashita et al. 1995) . The FOV was 4 ′ × 4 ′ and the pixel size was 0. ′′ 97. The exposure times were 300 s, 150 s, and 225 s at the J, H, and K ′ bands, respectively, for 18 objects, and 600 s at J or H bands for the other three objects (see table 2 ). The details of the observations and data reduction were shown in Iwata et al. (1997) . Figure 2 shows the optical and near-infrared images of 1.
′ 2 × 1. ′ 2 around the 21 objects. The optical images were made from Digitized Sky Surveys produced at the Space Telescope Science Institute based on photographic data obtained using the Oschin Schmidt Telescope on Palomar Mountain. At the positions of IRAS point sources which are indicated by the position uncertainty ellipses quoted in IRAS PSC, we could not find any distinct optical or near-infrared counterpart.
During the observations we observed three photometric standard stars, HD 44612, BD +0
• 1694, and HD 105601 (Elias et al. 1982) ; their K magnitudes are 7.040, 4.585, and 6.685, respectively. For a detection limit of S/N =10, we obtained the limiting magnitudes to be K ′ = 14.3 to 15.2 for 225 s exposure, where the range of magnitudes was due to the different sky conditions. The magnitude difference of the OASIS K ′ band (2.16 µm) and K band (2.19 µm) is less than 0.03 mag in the rms value for more than 50 stars (Okumura et al. 1999, in preparation) . For a similar photometric system, Wainscoat and Cowie (1992) derived K ′ − K=0 to 0.08 mag for 18 stars. We assume the OASIS K ′ magnitude to be equivalent to the K magnitude. The 18 peculiar FIR objects from WB 70 to WB 584 listed in table 2 are less bright than K = 14.3. We thus adopt K = 13.7 as the upper limit for the 18 peculiar FIR objects, assuming an interstellar extinction less than 0. m 6 at the K band, i.e., A V < 5.6 (Mathis 1990) .
The K magnitude is transformed to flux density f K in Jy, following Bessell and Brett (1988) ; i.e.,
Equation (2) . Although the exposure times at the J and H bands for these objects were longer than those for the other 18 objects, we found no counterpart within the position uncertainty ellipses of the IRAS point sources. In the following discussion we include these objects in the peculiar FIR objects. The α-indices of all of the peculiar FIR objects are also positive between λ=25 µm and 60 µm, where α 25,60 = 2.63 log(f 60 /f 25 ) − 1 (see table 2). But the values of α 12,25 = 3.137 log(f 25 /f 12 ) − 1 are negative for 12 peculiar FIR objects with log(f 25 /f 12 ) < 0.32 (see table 2 ). This means that more than half of the peculiar FIR objects have a second peak at between 2.2 µm and 25 µm.
Discussion

Features of the Peculiar FIR Objects
Figures 3 and 4 show IRAS color-color diagrams for the peculiar FIR objects, the control sample, which are usual YSOs, and cirrus. The cirrus colors indicated by the open circles were measured by Boulanger and Perault (1988) in 8 nearby molecular clouds, and the filled circle stands for the FIR color of warm cirrus in the H i cloud at high galactic latitude (Boulanger et al. 1985) . Clemens et al. (1991) measured the infrared colors of 248 globules and small molecular clouds, and obtained the mean values and dispersions to be log(f 100 /f 60 ) = 0.70 ± 0.20, log(f 60 /f 25 ) = 0.68±0.34, and log(f 25 /f 12 ) = 0.01±0.30; these are similar to the colors of cirrus described in Boulanger and Perault (1988) . Clemens et al. interpreted the infrared emission of globules to be cirrus. We find in figures 3 and 4 that the IRAS colors of the peculiar FIR objects resemble those of the usual YSOs rather than the colors of cirrus, except for the warm cirrus.
Among the visually known WB objects without a detectable 12 CO line, there are early-type stars, and their number is as many as about half of the galaxies, as shown in table 1. In table 3, such 11 early-type stars with reliable 12 µm flux densities are given. The seven stars from B5 to A2 are possibly associated with IRAS point sources having f 60 ≃ 2 Jy to 12 Jy, which are similar values to those of the peculiar FIR objects. The visual magnitudes are 5 to 9 mag, and thus the K magnitudes are brighter than 9 mag (Bessell, Brett 1988) . In order to make apparent K magnitudes of these stars be less than 13 mag due to extinction, the extinction value should be greater than A v ≃ 37 (Mathis 1990) , which is unusually large interstellar extinction. The latitude distributions differ between these stars and the peculiar FIR objects. The three B0 or OB stars listed in table 3 are also associated with IRAS point sources with f 60 ≃ 36 Jy to 56 Jy; the values are one order of magnitude larger than the typical values of the peculiar FIR objects. Putting these stars at distances three-times further than the present distances, we may obtain m v ≃ 11.5 to 13 and K > 12. If there is an additional interstellar extinction of A v > 7 m , we may find no object on these positions at visual and K bands for detection limits of m v = 19 and K = 13. Such large interstellar extinctions are only caused by the presence of molecular clouds in the line of sight. But the peculiar FIR objects do not have detectable CO emission. We rule out the possibility that the peculiar FIR objects mostly correspond to obscured early-type stars with an FIR emitting envelope.
Galaxies have IRAS colors similar to those of YSOs in a range of log(f 60 /f 25 ) = 0.6 − 1.2 and log(f 100 /f 60 ) = 0.0 − 0.6 (e.g., Sauvage, Thuan 1994) . It is still possible that a few of the peculiar FIR objects are obscured galaxies with intrinsically low surface brightness.
Distances and Luminosities of the Peculiar FIR Objects
About half of the 21 peculiar FIR objects are located within b = 2
• and 90% are within 4
• (see table 2 ). This concentration toward the galactic plane is higher compared with that of globules by Clemens and Barvainis (1988) , who found the extent of the globules in b to be 10
• to 12
• . This suggests that the distances to the peculiar FIR objects are further than the typical distances of dark globules, ∼ 600 pc (Clemens, Barvainis 1988 ). If we take ±4
• as the extent in b of the peculiar FIR objects and 87 pc as the layer thickness, the same as that of molecular gas within 1 kpc by Dame et al. (1987) , the typical distances of the peculiar FIR objects are ∼ 1.2 kpc. Note that the angular scale height of the ultracompact H ii regions is 0.
• 6, which corresponds to ∼90 pc at the distance of the galactic center (Wood, Churchwell 1989) .
For an assumed distance of 1 kpc, the peculiar FIR objects have luminosities of ∼4 L ⊙ to 96 L ⊙ (see table 2), which correspond to the highest values of YSOs in the Taurus-Auriga and Ophiucus regions (Kenyon et al. 1990) . The peculiar FIR objects should have internal energy sources, and they seem to have intermediate YSO luminosities.
The beam size, 21 ′′ , of Wouterloot and Brand ′ s (1989) observations at IRAM for the 19 objects, except for WB 901 and WB 1001, corresponds to about 0.1d pc, where d is an assumed distance in kpc, and is comparable to or smaller than the typical CO core sizes at distances of d <3 kpc. Thus, the weak CO intensities of the peculiar FIR objects are not caused by dilution effects.
Location of the Peculiar FIR Objects
The cirrus 2 flags (CIRR2) in IRAS PSC indicate a ratio of the cirrus flux, F C to source flux at 100 µm, F S :
The distributions of the cirrus 2 flags are shown in table 4 for the control sample and the peculiar FIR objects; the peculiar FIR objects have flags by two grades higher than the controle sample. The difference almost corresponds to the different 100 µm intensities between the peculiar FIR objects and the control sample (see figures 1 and 3) ; the cirrus intensities are not stronger around the peculiar FIR objects compared with the locations of the control sample. YSOs leave its parent molecular cores with time, and the offset distances may become up to 1 pc for bright YSOs (e.g., Kenyon et al. 1990; Clark 1991) . The peculiar FIR objects may have its parent molecular cores in the neighborhood. Dobashi et al. (1994) made a 13 CO(J = 1−0) survey at a region of ℓ = 80
• to 104
• and b = −7.
• 5 to 10.
• 5 with 2. ′ 7 angular resolution and 8 ′ grid spacing; they detected emission lines >1.2 K km s −1 at 2191 positions, or 9% of the observed points. Yonekura et al. (1997) made a successive 13 CO survey in the region ℓ = 100
• to 130
• and b = −10.
• 5 to 20
• with a same beam size and a same grid spacing as Dobashi et al. (1994) . Although there are 15 peculiar FIR objects among the regions of these two surveys, none of them are associated with the molecular clouds. The peculiar FIR objects at other regions are also not located on any molecular clouds detected by Dame et al. (1987 (Lynds 1962) . These imply that the peculiar FIR objects tend to be associated with large dark clouds, or to be located at distances further than the large dark clouds. Yun and Clemens (1995) found 22 YSOs with near-infrared counterparts in globules and classified them into 10 class I objects and 12 class II objects. Their class I YSOs have K = 9.8 to 13.9 and the luminosities at assumed distance of 600 pc are similar to those of the peculiar FIR objects. There is, however, an outstanding difference that Yun and Clemens' class I YSOs almost have CO outflows (Yun, Clemens 1994) , in contrast with the weak CO emissions of the peculiar FIR objects.
Four peculiar FIR objects (WB 72, 92, 127, and 157) are located near to radio sources with 18 − 39 mJy at λ ≃ 6 cm (Gregory et al. 1996) ; the separations between the FIR and radio sources are 38
′′ to 108 ′′ . None of the peculiar FIR objects are on the X-ray point sources detected by ROSAT (Voges et al. 1994 ).
Summary
We found the presence of unusual IRAS point sources in the sense that they are bright at 25, 60, and 100 µm but invisible at optical and near-infrared wavelengths as well as in the 12 CO line. At least 18 such objects have α-indices between 2.2 and 25 µm, corresponding to class I YSOs. The IRAS colors are similar to those of the usual YSOs; in detail, about half of them have a second peak at between 2.2 µm and 25 µm and the largest log(f 100 /f 60 ) values of YSOs. Although the peculiar FIR objects avoid molecular clouds, seven objects are located near to large dark clouds, and four are near to radio sources. The distances are induced to be around 1 kpc, implying that they are mostly YSOs with intermediate luminosities and low CO abundance in the envelopes.
Further observations of these objects in molecular lines and millimeter continuum are needed to clarify their nature.
SCANPI processing for IRAS data used in this study was made at IPAC (Infrared Processing and Analysis Center), which is operated by the California Institute of Technology, Jet Propulsion Laboratory under contract to the National Aeronautics and Space Administration (NASA). The Digitized Sky Surveys were produced at the Space Telescope Science Institute under U.S. Government grant NAG W-2166. We thank an anonymous referee who gave us helpful comments. Wackering (1970) , and 3: Mermilliod and Mermilliod (1994) . Wouterloot and Brand (1989) . The dots indicate 97 objects with 12 CO emission. The crosses indicate 21 objects, the CO intensities of which are the upper limits in the Wouterloot and Brand ′ observations. The 21 objects are also invisible in the optical and near-infrared wavelengths. Fig. 2 .. Sample images at optical and near-infrared wavelengths around peculiar FIR objects. The optical images were made from the Dizitized Sky Survey and the near-infrared images were taken at OAO by using OASIS; the 18 near-infrared images, except for last three, are at the K ′ band, and for IRAS 05183+3323 it is at the H band, and for the last two at the J band. The FOV is 1.2 ′ × 1.2 ′ . The ellipses are the position uncertainty ellipses taken from IRAS PSC. 
